Background: Examination with Cone Beam CT (CBCT) is common for localizing maxillary canines with eruption disturbance. The benefits and costs of these examinations are unclear. Objectives: To measure: 1. the proportion of orthodontists' treatment decisions that were different based on intraoral and panoramic radiography (M1) compared with CBCT and panoramic radiography (M2); and 2. the costs of producing different treatment plans, regarding patients with maxillary canines with eruption disturbance. Subjects and methods: Orthodontists participated in a web-based survey and were randomly assigned to denote treatment decisions and the level of confidence in this decision for four patient cases presented with M1 or M2 at two occasions for the same patient case. Results: One hundred and twelve orthodontists made 445 assessments based on M1 and M2, respectively. Twenty-four per cent of the treatment decisions were different depending on which method the raters had access to, whereof one case differed significantly from all other cases. The mean total cost per examination was €99.84 using M1 and €134.37 using M2, resulting in an incremental cost per examination of €34.53 for M2. Limitations: Benefits in terms of number of different treatment decisions must be considered as an intermediate outcome for the effectiveness of a diagnostic method and should be interpreted with caution. Conclusions: For the patient cases presented in this study, most treatment decisions were the same irrespective of radiological method. Accordingly, this study does not support routine use of CBCT regarding patients with maxillary canine with eruption disturbance.
Introduction
After the third molar, the maxillary canine is the tooth most often affected by eruption disturbance impaction, with a prevalence of between 0.9 and 3.0 per cent (1) (2) (3) . If left untreated, maxillary precementum, is mechanically damaged or scraped off (7) , which can be the case when an ectopically erupting or retained maxillary canine is present (8) . Consequently, patients with this condition frequently receive orthodontic treatment with a range of treatment options being available. The decision on management for these patients requires adequate understanding of the position of the canine and its relation to the rest of the dentition. Such information can only be comprehensively obtained by radiographic imaging. Maxillary canines with eruption disturbance is mostly detected and treated in younger individuals and, as risk from radiation exposure is higher in this age group, it is particularly important that the radiographic examination is justified (9) .
Localisation of maxillary canines with eruption disturbance and detection of root resorption of teeth adjacent to the canine is a common indication for examination with Cone Beam Computed Tomography (CBCT) (10, 11) . This imaging method is, however, associated with a higher cost (12, 13) and involves a higher radiation dose than conventional imaging techniques (14, 15) , which may include panoramic, cephalometric, occlusal, and periapical radiographs. These imaging methods have limitations due to twodimensionality, superimposition of anatomy, and image distortion. Many of these problems were overcome with the introduction of CBCT. Regarding maxillary canines with eruption disturbance some previous studies found that the use of CBCT led to significantly different treatment plans (16, 17) whereas other studies showed no such significant differences (18, 19) , compared with conventional radiography. In the SEDENTEXCT guidelines for evidence based use of CBCT, it was concluded that there was no strong evidence to support using CBCT as the 'first line' imaging method in the context of root resorption diagnosis (14) .
Currently, there is no available evidence on cost-effectiveness of CBCT imaging of patients with maxillary canines with eruption disturbance. With increasing demands on decision makers to allocate resources efficiently in ways that produce most health gain for available health care technologies (20) , this knowledge gap is problematic. Hence, there is a need for well-designed comprehensive studies on the possible benefits of CBCT examinations and their relation to the associated costs. Therefore, the aim of this study was to measure: 1. the proportion of orthodontists who denoted a different treatment decision based on intraoral and panoramic radiography compared with CBCT and panoramic radiography and 2. the costs of producing different treatment plans, regarding patients with maxillary canines with eruption disturbance.
Subjects and methods
A web-based survey for specialists in orthodontics was constructed in association with a web developer. Invitations to participate were sent by e-mail to all members of the Swedish Orthodontic Society (n = 314) according to the society's membership directory, with the intention to reach specialists in orthodontics who had at minimum of 1 year experience in treating orthodontic patients.
Patient cases
Twelve different patient cases, describing patients with unilateral eruption disturbance of the maxillary canine with otherwise no, or minor, need for orthodontic treatment, were constructed and included in the survey (Table 1) . Each case was based on the following characteristics:
• A subjective treatment need • One maxillary canine with eruption disturbance and no likelihood for spontaneous eruption • A complete permanent dentition including the second molars • Normal sagittal molar relation (Class I) • Normal skeletal relations between the maxilla and the mandible • Cephalometric analysis showed normal maxillary incisor inclination • No subjective need for correction of the maxillary dental midline • Good oral hygiene Individual parameters that varied between the cases: age, gender, left or right maxillary canine with eruption disturbance, and any maxillary centreline displacement, are presented in Table 1 . In 10 of the cases, the space deficiency was less than 4 mm in the maxilla indicating no need for tooth extractions. For two cases, the space deficiency was at least 8 mm expressing an obvious need for tooth extractions. The assessment of space deficiency and centre line displacement was based on the panoramic radiographs. To do these assessments based on panoramic radiographs is not normal practice but was considered to have small impact on the exercise of this study.
The cases were presented with two intraoral periapical radiographs obtained at different horizontal angles, panoramic 40°½ central  3  13  F  23  No  -40°Lateral  4  13  F  23  No  -53°Lateral  5  13  M  13  No  -42°Central  6  14  M  23  No  -62°Central  7  14  M  23  Small <4mm  1 mm to the left  11°No  8  13  F  13  No  -30°½ central  9  13  F  23  No  -56°½ lateral  10  13  F  23  Severe >8mm  -38°½ central  11 Assessment of space deficiency in the maxilla, centre line displacement, angulation of the canine to the midline and the overlap of the canine in relation to the adjacent incisor(s) was based on the panoramic radiographs.
M, male; F, female.
radiographs, and CBCT images (see examples in Figure 1 ) as well as a written report describing the position of the maxillary canine, the distance of the canine crown in relation to the marginal bone, root morphology and any resorption of teeth neighbouring the maxillary canine. Intraoral and panoramic radiographs as well as CBCTimages from patients already examined in a previous study (12) were reviewed, and images from all patients with unilateral eruption disturbance of the maxillary canine with otherwise no, or minor, need for orthodontic treatment were included in present study. One of the authors (CL) a specialist in oral-and maxillofacial radiology assessed the radiographs and wrote the reports. The reports for intraoral and panoramic radiographs were written at one occasion and 1-2 weeks after, the reports on panoramic and CBCT images were written, without knowledge of the first report ( Table 2) .
Web-based survey
Informed consent to participate in the study was obtained from all orthodontists. Those that agreed to participate received an e-mail with a link to the first part of the online survey. After a further 2 weeks, they received another e-mail with a link to the second part of the survey. Each orthodontist was randomly assigned to four of the 12 patient cases by the use of digital random function allocating randomized combinations of sequences of four cases with either intraoral and panoramic radiographs or CBCT and panoramic radiographs. Each orthodontist was presented with only four of the 12 cases as this strategy was believed to increase the responserate. In the first part of the survey, two patient cases were presented with intraoral and panoramic radiographs (Method 1 = M1) and two patient cases were presented with CBCT images and panoramic radiographs (Method 2 = M2). In the second part of the survey, there was a switch in the presentation of images which meant that the same patient case was presented with the other imaging methods.
To estimate intrarater agreement, 30 of the 112 orthodontists were randomly assigned to answer the survey a third time with the same imaging methods as the first occasion for the same patient case. The orthodontists were asked about their age, gender, and years of experience. They were also asked to make a treatment decision for the four cases they were assigned by selecting one of following alternatives: 1. no treatment, 2. nonextraction orthodontic treatment, 3. orthodontic treatment including extraction of the first premolar, 4. orthodontic treatment including extraction of the maxillary lateral incisor, and 5. orthodontic treatment including extraction of the maxillary canine with eruption disturbance. In addition, the orthodontists had to denote the level of confidence in their decision on a five-point scale: 1. very confident, 2. fairly confident, 3. neither confident-nor unconfident, 4. fairly unconfident, or 5. very unconfident.
The viewer program for the CBCT images (i-Dixel One Data Viewer Plus software, J. Morita ® , Kyoto, Japan) was available in the online survey enabling the orthodontists to view all CBCT images in all planes (the axial, coronal, and sagittal) dynamically by scrolling through the consecutive orthogonal image stack ( Figure 2 ). The CBCT images and the viewer program as well as the responses of the orthodontists were stored on a remote server. The responses were downloaded onto a personal computer for analysis.
The survey started in May 2016 and continued until November 2016. The original e-mail invitation to participate was followed by four reminder e-mails sent via MailChimp ® (The Rocket Science Group, Atlanta, US). Some respondents informed us that the e-mails were classified as having low priority, therefore an additional one to four ordinary e-mails were sent (not using MailChimp ® ). Finally, an attempt was made to contact all non-responders by telephone.
Prior to full implementation of the study, an evaluation group of three orthodontists, one specialist in periodontology, one trainee in dental and maxillofacial radiology and one external web-developer evaluated the online survey and the associated survey procedures with respect to entering the survey via a link, filling in and saving the answers as well as down-loading and viewing the CBCT-images. The orthodontists in the evaluation group also evaluated the relevance of the cases and were not included as subjects in the study.
Cost-analysis
Costing for the radiological methods M1 and M2 was based on the framework for cost-analysis as previously reported (12) with unit costs updated to 2014 (Table 3) .
Radiography
The radiographic equipment used for CBCT was 3D Accuitomo Table 2 . Report based on images from the 12 patient cases using intraoral and panoramic radiography (M1) or CBCT and panoramic radiography (M2). 
Case

Statistical analyses
Intrarater agreement for treatment decisions based on observations of the same patient case using the same imaging methods was estimated in terms of percent agreement per patient case. Kappa statistics (κ) (22) and percent agreement was used to analyse the treatment decision under the different imaging methods. Fisher's Exact Test was used to compare treatment decisions and associated confidence levels when using the different imaging methods. IBM SPSS Statistics (Version 23, Chicago, Illinois, USA) was used for all calculations. Statistical significance was set at a P value less than 0.01.
Radiographs and CBCT scans included in the survey were anonymised and the responses from orthodontists were recorded anonymously, using a study code number for each orthodontist. The study was conducted in accordance with the ethical principles of the World Medical Association Declaration of Helsinki (2008 version) and approved by the Regional Ethical Review Board, Lund, Sweden (H15606/2008).
Results
Three hundred and fourteen members of the Swedish Orthodontic society were invited to participate in the study. Ninety-three orthodontists were excluded due to following reasons:
• not active as orthodontist (n = 30) • orthodontic resident (n = 20)
• not working in Sweden (n = 17)
• insufficient contact information (n = 10) • on parental or sick leave (n = 9)
• not working with this patient group (n = 7)
Of the remaining 221 orthodontists, participation was accepted by 154.
Responses from 42 orthodontists could not be used due to the following reasons: 1. only answered one part of the survey (n = 17), 2. no response after four reminders (n = 12), 3 . could not open the CBCT files/survey (n = 7), 4. could not save the answers (n = 3), 5. did not approve of the study design (n = 2), and 6. other reasons (n = 1). Downloading and opening the CBCT images, save the answers or open the survey were problematic for some of the orthodontists and this was according to the web-developer due to local factors like the internet connection and virus programmes. Some of the orthodontists that had these problems received the CBCT-images on a USB-memory and a Word-document to fill in their questions. Cost to the provider is presented with no opportunity cost or cost for depreciation as well as with opportunity cost and cost for equipment depreciation using 3 and 5% rate. Costs were estimated using 2014 prices (Euro). When the survey closed, 112 orthodontists had answered both parts of the survey with altogether 445 assessments based on M1 and M2, respectively, for the same patient case. Of the 112 participants, 64 (57.1 per cent) were women and 48 (42.9 per cent) were men, 88 (78.6 per cent) worked in a public dental clinic, 22 (19.6 per cent) in private practice, and 2 (1.8 per cent) were university employees. The highest number of participants were found in the age group 36-45, as well as among participants having 1-10 years of experience (Table 4) .
Intrarater agreement based on 30 orthodontist's assessments regarding the choice of treatment varied from 50 to 100 per cent using M1 with the lowest level of agreement being for case 10. Full agreement was observed for eight cases (case 2, 3, 4, 5, 8, 9, 11, and 12). Based on M2, the agreement varied between 0 per cent (case 11) and 100 per cent for seven cases (case 1, 2, 3, 4, 5, 8, and 12 ). The number of assessments varied from 3 to 7 per case with 60 assessments per radiographic method.
Comparison between imaging methods
The number of assessments per case varied between 31 and 44 (Table  5) . Treatment decisions showed a variability in agreement from 100 per cent (case 1) to 12.8 per cent (case 10) ( Table 5) . κ-values also varied from 1.0 (case 1) to −0.053 (case 4). For two cases (case 3 and 8), no κ-value could be calculated as the same treatment alternatives were chosen by all raters but one ( Table 5) .
The most frequent treatment decision was orthodontic treatment not including extraction of any of the teeth, chosen in 66 per cent of the assessments based on M1, and in 64 per cent of the assessments based on M2 (Figure 3) . Overall, 107 of 445 (24 per cent) treatment decisions were different when based on M2 instead of M1 and case 10 differed statistically significant from all other cases (Figure 4 ). For case 10, 87.2 per cent (34 of 39) treatment decisions were different depending on which imaging method the orthodontists had access to ( Table 5) .
The treatment alternatives chosen for case 10 based on M1 were to do orthodontic treatment and to extract the permanent canine in 51 per cent (20 of 39) of the assessments, the first premolar 38 per cent, the lateral incisor in 5 per cent, and non-extraction in 5 per cent. In comparison, based on M2 the majority (79 per cent) chose to do orthodontic treatment and extract the lateral incisor with root resorption. In four cases (1, 3, 5, and 8), no or at most two of the treatment decisions were different irrespective of radiological method and these cases had no space deficiency for the teeth or a space deficiency less than 4 mm and no root resorption of any tooth adjacent to the maxillary canine.
In six of 445 (1 per cent) assessments based on M1 and in 14 of 445 (3 per cent) assessments based on M2, the orthodontists stated that they lacked information such as clinical photographs, dental casts, or examining the patient clinically. In five (1 per cent) assessments based on M1, they stated that they lacked information from CBCT and in eight (2 per cent) assessments that they were uncertain of the presence of any root resorption. Two (0.4 per cent) orthodontists stated that they were unfamiliar with interpretation of the CBTC-images. The confidence level in the treatment decisions specified according to the five-point scale for the different cases comparing the two radiological methods is illustrated in Figure 5 . Pairwise comparisons between cases showed no significant difference regarding confidence level, except for case 2 compared with case 3 and for case 10 compared with case 11.
Cost analysis
The mean total cost per examination was €99.84 using M1 and €134.37 using M2, resulting in an incremental diagnostic cost per examination of €34.53 using M2 (Table 3) . Taking into account opportunity cost and depreciation for the radiographic equipment the incremental cost was higher. Using a rate of 3 per cent for both equipment depreciation and opportunity cost of funds increased the incremental cost per examination by €2.79 (7 per cent) whereas a rate of 5 per cent resulted in an increase of €4.75 (12 per cent). Part of the treatment decisions was different (24 per cent) when based on M2 instead of M1. This can be considered a potential benefit for CBCT provided that the additional information is worthwhile for some of the patients and thus, leading to an improved treatment decision. The choice of using M2 implies a probability of 0.24 that the treatment decision will be different compared with using M1. This can be expressed in terms of an incremental cost-effectiveness ratio (ICER) which is a measure of the average additional cost per treatment decision that is different as a result of using CBCT imaging, i.e. €143.88.
Discussion
For most of the patient cases, the orthodontists chose the same treatment alternative irrespective of imaging method. For one case (number 10) however, a majority of the treatment decisions were different depending on the radiological method that was a significant difference compared with all other cases. This case was the only one exhibiting severe space deficiency in the maxilla and had root resorption on the lateral incisor adjacent to the canine that was visible only on the CBCT images. This indicates that examination with CBCT and panoramic radiography may be more beneficial than that of intraoral and panoramic radiography and influence treatment decision to a higher degree for patients with characteristics like those in case 10. For the majority of the cases however, CBCT examination does not seem to be beneficial in terms of influencing the treatment decision. Furthermore, for most pairwise comparisons between cases the confidence in the treatment decision was the same irrespective of imaging method.
The choice of an imaging method should be based on a complete understanding of its efficacy, which can be defined as the probability of a test benefiting patients, applied under ideal conditions of use. Diagnostic efficacy can be described as a six-level hierarchy where an acceptable level of efficacy must exist at lower levels to assure efficacy at higher levels (23) . Recently, two studies evaluated costs and effects regarding radiographic examinations prior to removal of wisdom teeth (13, 24) . According to our knowledge, this study is the first to assess efficacy related to the costs of radiographic examination of maxillary canines with eruption disturbance. Therapeutic thinking efficacy can be assessed in terms of number of different treatment decisions when comparing different diagnostic methods. This measure must, however, be considered as an intermediate outcome for the benefits of an imaging method and should be interpreted with caution (25) . Diagnostic methods often tend to focus on the specific impact of the intervention as opposed to the broader health of the patient. Achieving intermediate outcome may, however, lead to cost-effectiveness in the long run and these results could be helpful for decision-makers choosing between methods for the same condition (25) .
The radiographic methods frequently used for localisation of maxillary canines with eruption disturbance are intraoral and panoramic radiography using the principle of horizontal or vertical parallax (26) . The accuracy of detection of root resorption has been shown to be superior using CBCT compared with intraoral radiography (27, 28) . A higher diagnostic accuracy in detecting resorption may, however, not be of clinical interest as the long-term prognosis even for severe root resorption is relatively good (29) . Furthermore, root resorption of different degrees of severity was found in up to 68 per cent of teeth adjacent to maxillary canines with eruption disturbance, but also on teeth adjacent to normally erupting canines, with a prevalence of over 30 per cent (6) . This raises the question whether it is necessary or justified to use imaging methods to identify Figure 5 . Number of treatment decisions (%) per patient case with a different level of confidence rated on a five-point scale. Based on 112 orthodontists´ assessments using intraoral and panoramic radiography (M1) or CBCT and panoramic radiography (M2) at two occasions for the same patient cases. In most (62 of 66) pairwise comparisons between cases, no significant differences were seen (P < 0.01). all teeth with root resorption considering the radiation exposure and financial cost.
Radiological decision-making is a complex process affected by several factors like the properties of the diagnostic method, the diagnostic information, clinicians' perception and experience as well as the anamnesis (30) . In this study, patient cases representing typical patients frequently encountered in clinical orthodontic practice were constructed containing information relevant to make a treatment decision. In order to have few variables that would have impact on the treatment decision, only patients with unilateral maxillary canines with otherwise no or minor malocclusion were selected. The assumption was that the information supplied for each case, other than that of the imaging methods, would have little impact on the treatment decision. This approach was supported by the orthodontists with only two dropping out of the study because they did not understand or approve of the cases.
In this study, the management chosen by the orthodontists differed markedly for several of the cases when the orthodontists had access to different imaging methods but this did not result in an overall change in the frequency of different types of treatment. Only two cases (2 and 10) showed a profound difference in management with dramatically increased number of extractions of the lateral incisor. For both of these cases the lateral incisor had root resorption only visible on CBCT-images and they were the only cases with severe space deficiency. A study by Bjerklin and Bondemark (31) , showed that a substantial proportion of the orthodontists suggested the first premolar or the permanent canine to be extracted regarding a case with severe space deficiency, even though computed tomography showed root resorption half way to the pulp on the maxillary lateral incisor. In this study however, when receiving information from CBCT about root resorption on the lateral incisor, most orthodontists chose to extract this tooth instead of another healthy or undamaged tooth.
Early management of patients with maxillary canines with suspected eruption disturbance has been shown to have better prognosis compared with that of adult patients (32) . The patients included in this study were 13-14 years old with unilateral maxillary canine with eruption disturbance whereas previous studies also included adult patients with a mixture of uni-and bilateral maxillary canines with eruption disturbance (16) (17) (18) (19) . Present study used a small FOV (4 × 4 cm) but this was reported by only one other study (18) . Furthermore, only two other studies used intraoral radiographs as part of their conventional imaging (16, 17) . Due to these differences, the results of the present study is difficult to compare with that of previous studies.
Previous studies have shown significantly higher confidence level in the treatment planning based on CBCT compared with panoramic radiography (19, 33, 34) . This study, with considerably more raters, showed no clear evidence that the confidence was improved by CBCT. A reason for that could be that all orthodontists were well-trained and confident in their decisions irrespective of imaging method. Hodges et al. (34) found that there was a greater increase in confidence when the observers already used CBCT frequently in practice and it could be that the orthodontists in this study did not frequently use CBCT. Only two orthodontists however, stated that they were unfamiliar with interpreting CBCT-images. Another study on endodontic diagnosis found no clear evidence that confidence was improved by CBCT (35) but these results may be due to the observers being general dentists rather than specialists. Clinicians often place great value on results of a diagnostic method that does nothing more than reassure them (23) but it is questionable whether this should be an indication for radiographic examination of young patients with maxillary canines with eruption disturbance. Indeed, the definition of 'justification' in radiation protection explicitly requires benefits to the patient or society in general, but does not include benefits to the clinician (36) .
Cost-analysis
The mean incremental cost per examination of €34.53 for M2 in the present cost-analysis was lower than the €46.58 reported in the cost-analysis from 2012 (12) . The main reasons for that is the 12 per cent reduction of the purchase price of the CBCT machine and the 30 per cent increase in the number of CBCT examinations, thus spreading the capital costs of the machine's purchase among a higher number of examinations. The increase in number of CBCT examinations may be due to an increase in the catchment area and/ or to increased capacity of clinical staff to operate the technology, as well as an increased demand from referring clinicians. The cost-analysis included opportunity cost of funds and cost for depreciation of capital equipment which involved an increase of the incremental cost compared with that obtained in the previous cost analysis (12) . This adjustment to the incremental cost per examination was however, more than offset by the reductions arising from the lower purchase price and increased volume of patients.
Provided that the information from CBCT is worthwhile, hence leading to improved treatment decisions, this could be interpreted as a potential benefit to some of the patients. Few treatment decisions however, were different when the orthodontists had access to CBCT and panoramic radiography which makes this method relatively costly.
Conclusions
Only a proportion of patients might benefit from CBCT in terms of a changed treatment plan. It remains to be determined whether for this sub-group the change in treatment plan would lead to better outcomes. Furthermore, the study presented here raises the possibility of identifying high yield selection criteria for CBCT in the context of patients with maxillary canines with eruption disturbance. Accordingly, this study does not support routine use of CBCT regarding patients with maxillary canine with eruption disturbance.
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